This document is made available in accordance with publisher policies. Please cite only the published version using the reference above. throughout the Reynolds number range tested. In dynamic tests, the pressure distribution was found to periodically rotate relative to the cable circumference at the natural frequency of the cable. Also, when observing the velocity components in the wake, a periodic motion of the wake synchronised with the cable motion was revealed. In static tests, the wake field instantly displaced towards the same side as the lift force generated by the asymmetric pressure distribution during boundary layer instabilities.
Introduction

11
Bridge stay cables have been reported to suffer from different vibration problems such as rain-wind induced In Christiansen et al. (2017) the observed dynamic response was presented and the influence of the helical 23 fillets on the mean aerodynamic loads as well as instantaneous loads in the drag crisis region was described and 24 discussed. For the cable with helical fillets, large amplitude vibrations were shown to be dependent on the surface 25 irregularities of the cable. Vibrations were only recorded for a cable rotation of -90
• , and the focus is therefore kept 26 on this axial rotation. Another important result to be referenced later in this paper was the appearance of single 27 separation bubble instabilities in the form of jumps in between semi-stable boundary layer transition states and 28 sudden bursts in between states. These instabilities were found in a lower Reynolds number region than where the 29 large amplitude vibrations were recorded and could thus not explain the vibrations in this case. Also, the presence 30 of the helical fillets were seen to displace the stagnation point towards the side of the cable with the helical fillet 31 nearly aligned with the flow, in a periodic manner, depending on the angular positions of the helical fillets.
32
As the title suggests, the objective of this paper is to study the fluctuating load and wake characteristics, to 33 improve the understanding of the flow development around an inclined cable with helical fillets and the interplay 34 between surface pressures, wake behaviour and cable velocity. 
Experimental setup and measurements
36
For a description of the experimental wind tunnel test setup and measuring equipment reference is made to • fillet normal to the flow, • fillet aligned with the flow. The frequency content of the unsteady across-wind load coefficient, onwards referred to as the lift coefficient, 45 will provide some insight into the loading mechanism on the cable. Power spectral densities (PSD) of the lift • fillet normal to the flow, • fillet aligned with the flow. Cable rotation of -90 • , cable with helical fillets. Re= 1.27 · 10 5 .
Results and discussion
As the Reynolds number was increased to 2.5·10 5 the low frequency components reduced with varying mag-69 nitude for the different rings (Figure 2 ). At a Reynolds number of 3.7·10 5 , low frequencies were pronounced for 70 ring 1 and ring 2. Regarding the former, the taps located downstream of the helical fillet nearly normal to the flow 71 were found to contain a high energy content of low frequencies through a study of the PSDs of the individual taps.
72
The PSDs are not shown here, but reference is made to section 3.2 where a study of individual taps is made for 
86
Besides the low frequency peaks there was also an indication of broad-banded higher frequency peaks in the
87
PSD of the lift coefficient. These will be discussed further in the next section.
88
For the lift coefficient averaged over the four rings (Figure 2 bottom) To capture the development of the vortex shedding process, contour plots were constructed from the PSDs at 95 different Reynolds numbers and are shown in Figure 5 for the averaged value over the four rings and in Figure 6 96 for each of the four rings.
97
The vortex shedding process suggested is marked by the red dashed line in The lower Strouhal number for ring 1 could thus be caused by an early separation directly at the helical fillet nearly Strouhal number at ring 2, with the helical fillets in the stagnation and base regions, is lower than rings 3 and 4.
146
The separation points would be expected to lie in the same range, but the flow is highly three-dimensional.
147
In the high Reynolds number region above approximately 2.5·10 5 where the force coefficients are near constant, were made at these cable rotations, but given that no significant vibrations were observed they should provide 157 a reasonable frame of reference for the comparisons. The high frequency vortex shedding was observed but in 158 contrast to the cable rotation of -90
• the magnitude of the Strouhal number varied for increasing Reynolds numbers.
159
It must though be pointed out that an average over four discrete sections will not accurately represent the global 
Coherence of the loading
167
The vortex shedding documented in Figure 5 at a Strouhal number of 0.19 can be further examined in terms of the root-co-coherence function RCC C ( f, s) of the lift force on the different rings (also called the normalized co-spectrum).
The root-coherence function Coh C ( f, s) is constituted by the PSDs of the lift coefficients S Ca ( f ) and S Cb ( f ) and thereby the underlying co-coherence, is thus positive and decreases with increase in the span-wise separation.
185
Such a lift correlation on a smooth non-moving cylinder, and its dependency on the cylinder across-flow motion,
186
has been studied by e.g. Wooton and Scruton (1970), as mediated in Dyrbye and Hansen (1999) .
187
The curve representing the distance 2D between ring 1 and 2 separates itself from the rest of the curves. As Another flow mechanism that can explain variation along the length of a cable, is the shedding of vortex cells 201 in the along wind direction. The possible occurrence of this phenomenon will be discussed in section 3.3.1.
202
The lack of coherence at the cable natural frequency and the low magnitude of the PSD of the lift coefficients high frequency vortex shedding process is still present but only to a minor degree. At ring 4, similar spectra were 244 observed, whereas the peak at 1.4 Hz was more pronounced for rings 1 and 2. For ring 3, at taps 2, 4 and 6 on the reached higher amplitudes, reflecting the significant changes they saw in the pressure distribution.
278
It is noticed in Figure 12 that as the cylinder velocity approaches zero, i.e. at max/min cable displacement, Oil flow photographs by Schewe (1986), on the walls of the wind tunnel test section between which the cylinder 291 was mounted, also revealed a displacement of the wake field with the steady asymmetric surface pressures in the
292
TrBL1 regime (i.e. the one-bubble regime using the nomenclature by Zdravkovich (1997)). Schewe described that 293 the wake would displace towards the opposite direction than the stagnation point. Although not clearly written 
300
The results for the smooth cable are presented in Figure 14 (a) for a more direct comparison with the results
301
by Schewe and for the cable with helical fillets in Figure 15 . Only one static setup of the smooth cable model 
311
The former is smaller than the latter due to a smaller magnitude of C L .
312
For the semi-stable states where C L =0 for the smooth cable and C L =0.65 for the cable with helical fillets, the 313 angle of the flow towards the Cobra Probe in yaw and pitch is larger/smaller than the measuring capacity of the 314 probe of ±45
• providing results that are not reliable. The probe is therefore expected to be in the wake in these 315 semi-stable states. By observing other time series, this was found to be the case for all recorded lift coefficients up 316 to 0.70, although dependent on the wind speed, which affects the width of the wake.
317
As for the steady asymmetric states reported in Schewe (1986), the wake for an inclined cable thus also dis- is even displaced for short increments of changes in the lift coefficient.
325
Another interesting observation is that the wake is at a vertical angle to the probe in the case of a smooth 326 cable only. The pitch angle for the wake of the smooth cable is -5
• which tells us that the wake descends, i.e. it 327 has a component of velocity in the direction of the cable axis. For the cable with helical fillets, the mean pitch smoke vizualisations on a smooth cable inclined 45
• to the flow. regarding the development from the static to the dynamic test case. A broad-banded spectral peak can be observed 
Concluding remarks
399
In static tests, the power spectral densities (PSD) of the lift coefficients at the individual rings were dominated 400 by lower frequencies, which in the lower Reynolds number region were caused by separation bubble instabilities.
401
There was also an indication of a broad-banded high frequency vortex shedding process, with local Strouhal num- Reynolds number region. Depending on the axial rotation of the cylinder, different results were however obtained.
408
A low magnitude of the PSDs at the cable natural frequency and low coherence between the rings at this frequency 409 suggested that the vibrations were not due to a pure external resonant aerodynamic forcing. did not seem to excite the cable.
417
A look into instantaneous wind velocity measurements 2.5D downstream of the cable in the wake in the static 418 tests, revealed that the wake field changed direction with asymmetric surface pressure distributions and turned 419 towards the same direction as the instantaneous lift force.
420
In the dynamic tests, a periodic displacement of the wake in phase with the motion of the cable model was also 421 reported.
422
In light of the results presented in the these two companion papers, the authors remain puzzled about the exci- 
